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STEM teaching is more effective and student achievement increases when teachers join
forces to develop strong professional learning communities in their schools. This finding is
supported by a two-year National Science Foundation funded study, STEM Teachers in
Professional Learning Communities: A Knowledge Synthesis (“Knowledge Synthesis"),
conducted by the National Commission on Teaching and America’s Future (NCTAF) and
WestEd, based on an analysis of nearly two hundred STEM education research articles and
reports.! The finding further supports an earlier NCTAF report, released in 2010 with
Pearson Foundation funding, that synthesizes research papers and projects documenting
teacher learning team initiatives across all school subjects (See Box 1: Team Up for 21+
Century Teaching).

These two studies place a capstone on a decade of teacher effectiveness research. We now
have compelling evidence that when teachers team up with their colleagues they are able
to create a culture of success in schools, leading to teaching improvements and student
learning gains. The clear policy and practice implication is that great teaching is a team
sport. Performance appraisal, compensation, and incentive systems that focus on individual
teacher efforts at the expense of collaborative professional capacity building could
seriously undermine our ability to prepare today’s students for 21t century college and
career success. Every school needs good teachers—but a school does not become a great
place to learn until those teachers have the leadership and support to create a learning
culture that is more powerful than even the best of them can sustain on their own.

These findings have significant implications for America’s competitiveness in a global
innovation economy. Student mastery in science, technology, engineering, and mathematics
(STEM) is essential to our economic growth. But America’s twenty-year decline in
international science and mathematics standings tells us that we have serious challenges to
overcome. Countries that persistently rank at the top of international measures of science
and mathematics achievement do things differently. A growing number of reports indicates
that one of their biggest advantages is in the clear, consistent, and coherent support
systems they provide for teachers from preparation through induction to accomplished
practice.?

Learning is no longer preparation for the job; it is the job. Today's students are preparing
for a future in which they will invent and reinvent their work, team up to solve problems,
develop new knowledge, and continuously acquire new skills. They need teachers who
know how to create schools that look like the learning organizations they will work in for
the rest of their lives.



Box1

Team Up for 21st Century Teaching and Learning

The findings of the NSF Knowledge Synthesis confirm the findings of a previous
NCTAF analysis released in 2010 with Pearson Foundation funding: Team Up for
21st Century Teaching and Learning: What Research and Practice Reveal about
Professional Learning. (Key excerpts are found at
http://www.nctaf.org/TeamUp.htm.) For the Team Up study, NCTAF examined
lessons learned about learning teams across all levels and subjects of schooling.
After reviewing hundreds of studies and research reports, we were able to
identify six principles that make a learning community effective:

¢ Shared values & goals

s Collective responsibility
Authentic assessment
Self-directed reflection
Stable settings

Strong leadership support

The research section of the Team Up report contains articles that address Jearning
teams through several lenses—the imipact on personal practice, the factors
present in successful Professional Learning Communities (PLCs) that last over
time, and student outcomes on standardized tests. The five articles included in the
research section of the Team Up study provide a strong evidence-based argument
for the power of collaborative communities to improve teaching and learning.

Team Up also includes three case studies, written by practitioners that were
selected by an advisory panel of experts. These cases put a face on learning teams
of teachers working together not only to deepen their understanding of their
students’ learning, but also to find ways in which this learning can be enhanced.

That the findings of the Team Up study are corroborated by the NSF Knowledge
Synthesis creates a powerful argument for the implementation of learning teams
in education more broadly. {The complete tab]es of contents for both reports are
located at the end of this report.)

To meet the needs of today’s learners, the tradition of artisan teaching in solo-practice
classrooms will have to give way to a school culture in which teachers continuously
develop their content knowledge and pedagogical skills through collaborative practice that
is embedded in the daily fabric of their work. Teacher collaboration supports student
learning, and the good news is that teachers who work in strong learning communities are
more satisfied with their careers and are more likely to remain in teaching long enough to
become accomplished educators? This report takes us one step further, summarizing the
impacts of learning teams, particularly in STEM content areas, on teacher practice.*



'OVERVIEW OF NSF KNOWLEDGE SYNTHESIS STUDY

HOW THE NSF STUDY WAS CONDUCTED

Completed in the fall of 2010, STEM Teachers in Professional Learning Communities: A
Knowledge Synthesis was a two-year analysis funded by the National Science Foundation
(NSF). For this study, NCTAF partnered with researchers in the STEM Program at WestEd
to critically examine knowledge about learning teams of teachers in STEM subjects. The full
NSF report is available on NCTAF’s website:
http://www.nctaf.org/documents/STEMTeachersinProfessionalLearningCommunities.AK
nowledgeSynthesis.pdf.

Box 2

Methodology of the NSF Knowledge Synthesis

Set criteria for inclusion and appropriate search terms: We searched over two
dozen variants of “professional learning community” using Boolean logic to
require that every obtained entry included terms related to STEM teachers.

Included five types bf research in our synthesis:

1. Empirical research studies published since 1995, mostly articles
in peer-reviewed journals for primary research, or dissertations
(Note: We conducted Standards of Evidence reviews of the '

- methodological rigor of twenty-five of these empirical research
studiess);

2. Other research, i.¢., non-empirical research (e.g., theory
building), research-based articles in other than peer- rev1ewed
journals, including recent conference presentations;

3. Published expert knowledge and advice in periodicals,
professional development trade books, and advice about PLCs on
Weh pages;

4, Published descriptions of models of STEM teaching in PLCs,
sometimes with “lessons learned” but without formal research; and

5. Panel of practitioner experts engaged in three rounds of questions
posed in online surveys, with each round of written responses
followed by online discussion sessions.




Our charge was to review and evaluate existing knowledge about STEM teachers in
professional learning communities {PLCs), including both prospective teachers and
classroom teachers across grades K-12. Our study’s definition of “professional learning
community” was inclusive, only requiring that the enterprise involve three or more
teachers and be a sustained effort over time, rather than a one-time event. Learning
communities can take many forms, are inspired by varied purposes, and function in
different ways. However, they all share the general aim of focusing teachers on improving
their practice and learning together about how to increase student learning.

Our guiding questions focused on the impacts of STEM teachers’ participation in PLCs on:

¢ Their content knowledge and pedagogical content knowledge;
¢ Their instructional practices; and
¢ Their students’ achievement in STEM subjects.

The NSF Knowledge Synthesis asked a standard research question: What do we know? But
the study went further by also asking: How well do we know it? and What else do we need to
know? As noted in Box 2, we began with a conventional literature search, but our
Knowledge Synthesis then went much further. PhD-level analysts independently inspected
the strength of each research study using thirty-one
Standards of Evidence (SOE) that were developed by
Horizon Research, Inc. through another NSF grant.®
We also looked at published model descriptions of

The NSF Knowledge Synthesis
drew upon an unusually wide
range of relevant knowledge

STEM learning teams, including research on their sources: synthesis of research
strengths, challenges, and “lessons learned” about results, independent analysis
designing and implementing them. of the research quality,

published expert advice, model
descriptions, advice from focus
groups of experts, and STEM

The Knowledge Synthesis also included information
beyond research studies. We examined published

expert advice on designing and implementing STEM organizations’ published policy
learning teams. In addition, we used an intensive recommendations and support
focus group of experts to test the ideas and analyses statements.

we were developing. This allowed us to obtain up-to-

the-minute advice from a group of STEM experts involved in professional development,
administration, and research, all of whom had prior experience with multiple kinds of
STEM learning teams. We also benefitted from the support of a group of distinguished
experts who served as external advisors for the NSF grant. (See Appendix B: “List of
Advisory Board Members and Expert Practitioner Panel.")



WHAT DOES THE NSF KNOWLEDGE SYNTHESIS TELL US?

STEM LEARNING TEAMS HAVE POSITIVE EFFECTS ON STEM TEACHERS AND
THEIR TEACHING

Policy and STEM education organizations in recent years have put a premium on increasing
individual teachers’ content knowledge, e.g., How well do mathematics teachers know their
math? What evidence is there that learning teams can help teachers develop deeper subject
matter knowledge? Research studies and experts from the Knowledge Synthesis agreed
that:

e Participating in learning teams can successfully engage STEM teachers in
discussions about the mathematics and science that they teach.

) , , This seemingly basic finding is more important than it may
Learning teams resulted in appear. While it is considered a professional trait to
STEM teachers learning continuously seek more knowledge, in reality it can actually be
more mathematics and threatening for professionals even to acknowledge that there
science and using more is something more that they should know or understand
research-based methods fO?‘ better. Teachers operating in traditional artisan isolation are
often hesitant to discuss the content that they teach. PLC
research, however, shows that building trust and openness in a
learning team leads to a collaborative professional
environment where STEM teachers can comfortably tatk and learn about STEM content.
Our Knowledge Synthesis further showed that STEM teachers in learning teams:

teaching them.

¢ Understood the mathematics and science better; and
¢ Felt more prepared to teach mathematics and science.

That is, they did not just talk about math and science content: they deepened their learning
as well. Not surprisingly, teachers also indicated that they felt more prepared to teach
mathematics and science. This occurred even among elementary school teachers, many of
whom do not feel well prepared to teach mathematics and science.

Learning team participation can change what teachers know, but do teachers in STEM PLCs
also go on to change what they actually do, i.e,, Does their instruction change? The
Knowledge Synthesis found that STEM teachers participating in learning teams improved
their practice by:

» Using more research-based methods for teaching mathematics and science
(e.g., more use of student inquiry});



o Paying more attention to students’ reasoning and understanding; and
o Using more diverse modes of engaging students in problem solving.

Box 3:

Findings from the NSF Knowledge Synthesis on STEM Teaching in PLCs

STEM PLCs had the following effects on teacher knowledge, beliefs/attitudes,
and focus:

» Engaged teachers in discussion about content knowledge or '
knowledge about how to teach it (pedagogical content knowledge),
and/or enhanced their understanding of content knowledge and
pedagogical strategies.

e Advanced teachers’ preparedness to teach content, or attitudes toward
teaching methods.

s Increased teacher focus on students’ mathematics or science thinking.

STEM PLCs had the following effects on teacher instructional practice:

» Teaching practices became more “reform-oriented.”
e Teacher attention to students’ reasoning and understanding mcreased
" - and teachers engaged students in more diverse modes of problem '
solving,

STEM PLCs had the following effects on students’ science and mathematlcs
achievement:

e Mathematics PLCs led to enhanced student learning or achievement in
mathematics; however, there were no studies examining student
outcomes in science.

e Increased science and mathematics achievement outcomes for
students were reported by the expert panel based on unpublished -

" results from PLCs they had led or independently exammed

Online tools are increasingly being used to support STEM PLCs:

s Researchis limited, but promising, as to how online tools are
extending the reach and resources of STEM PLCs.

Across STEM education professional organizations there was universal
support for PLCs:

e Forty organizations in STEM education, professional development, or
education policy had position statements and/or policy
recommendations for PLCs that were universally positive.




STUDENTS OF TEACHERS PARTICIPATING IN STEM LEARNING COMMUNITIES
LEARN MATH BETTER

Does increased teacher knowledge and improved instruction result in better student
learning in STEM? We found the answer from published research especially promising in
mathematics, and our expert panel confirmed this by drawing upon many unpublished
local results.

We found six studies that were able to overcome the problematic methodological
challenges for investigating links between learning teams and student achievement, All
studies were of student mathematics achievement. This is likely, in part, because there are
typically many more large-scale assessments in mathematics than in science. The good
news is that every one of these studies showed positive effects for student learning of
mathematics.

Our study’s expert advisers, all of whom have designed and implemented learning teams,
attested to finding increased student learning of mathematics and science in their
experience and investigations. The panel strongly

stated that learning teams can be an effective The pub lished evidence about

professional development model for all STEM whether students learned STEM
teachers educating all types of students, PLCs can better is posilive but just emerging
be particularly helpful for teachers in schools and and only in mathematics; however,
districts that serve diverse student populations. substantial local evidence likel y

It is important to emphasize that the research exists of changes in students’
studies supporting these findings examined well- mathematics and science learning.
designed and well-implemented STEM learning

teams that were created for the purposes of the research study and overseen by

researchers for quality of implementation. However, “professional learning community” is

a term encompassing a broad spectrum of activities, and no research claims can be made
about what poorly designed or implemented learning community will accomplish. Our

panel of experts certainly saw problematic learning community enterprises around the
country.

Some experts noted, however, that even in “less than ideal” learning community designs
and implementations, there were instances when the participants still felt there was
profound value to breaking teachers’ isolation by conferring, collaborating, and sharing
strategies and plans for mathematics and science lessons.
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ONLINE PLCs ARE A GROWING PHENOMENON

The typical model for a STEM PLC is a group of teachers working in the same school, either
in grade level (in elementary schools) or curricular groups (as in high schools). Some PLCs
also function across districts, with teams meeting face-to-face in afterschool, summer, or
weekend workshops. However, the increased availability and flexibility of online platforms
and tools make it possible to extend the work time and resources of face-to-face PLCs.
Increasing numbers of STEM professionals now work together in virtual PLCs where they
rarely, or never, meet in person. These online features support goals of PLCs in new and
creative ways (e.g. sharing and analyzing student work through online files, observing
other teachers’ videotaped or live streaming lessons, and commenting in real time or
through asynchrenous discussion groups).

Given the rapidly evolving nature of online PLCs, the research base in this area is limited.
Articles we reviewed and comments from the expert panel indicated that key components
for effective online PLCs include:

e Skilled facilitators;

e Availability of collaborative online tools (e.g. interactive whiteboards, video/audio,
text chat space, shared workspaces); and

¢ Stable and “user friendly” platforms.

UNIVERSAL SUPPORT FOR LEARNING TEAMS IN THE STEM COMMUNITY

To what extend does the STEM education community currently embrace the idea of
learning teams? To answer this question, we examined policy or advice about learning
teams published by over forty organizations involved in STEM education. (See Appendix
D.) We sought out groups that are well-respected national nonprofit research and advocacy
organizations with a specific focus on STEM, as well as those with a broader education
reach that includes STEM.

In reviewing mission statements or policy positions regarding professional learning
communities on the organizations’ websites, we found that several organizations had
created their own learning communities, many of which were online PLCs.” Others had
published papers or books describing standards, models, and approaches for implementing
learning communities.?

We did not find any opposition to the concept of STEM PLCs, but some cautioned against
superficial notions and weak implementation of learning teams, which they suggested are
less likely to yield substantial changes.
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Box 4

Examples of STEM Organization Support for PLCs

Over 40 organizations were examined and 74 examples of published expert advice
reviewed. Although some organizations that were searched made no statements
regarding PLCs at the time of our review, those that did provide some discussion or
statement about PLCs were all positive. Support for PLCs in STEM teaching took a variety

: of forms:

» Endorsement of teacher collaboration or projects focused on PLCs
Advocating for PLCs as a school change model, noting that PLCs positively
affect teacher practice, school climate, teachers’ perceptions of self-
efficacy, and/or student achievement, usually based on research and/or .
field experiences.

s Statements on benefits of PLCs
Indicating that PLCs can encourage reflection on practice, improve '
pedagogy, and address content knowledge. '

» Research and case studies about PL(s
Citing PLCs’ positive effect teacher practice, school climate, perceptions of
self-efficacy, and student achievement. B

¢ Information for creating a PLC
How-to guides for creating PLCs, discussions of how teams should be

_ formed to function best, and prmaples of effective PLCs.

e Instructional materials around content that PLCs could help implement
Suggesting that PLCs be used as a means to best support the use of these
materials.

* Encouragement for members to participate in PLCs
Both the NEA and AFT encouraged members to participate in PLCs to
improve pedagogical skills.

e Creation of PLCs for their membership and supporters
Most take place in an online setting.

Common purpose for most is professional development.
Several focus on leadership development and coaching.

e Advocacy for the implementation of PLCs in general
Although we were searching for STEM PLC advocacy, some organizations
provided broad advocacy for PLCs across subject areas.

12



THE IMPORTANCE OF DESIGN AND IMPLEMENTATION OF STEM LEARNING
TEAMS

STEM learning teams that met high research standards for effectiveness had a number of
key design and implementation principles in common, Except as noted, these principles
were identified as critical in the Team Up study as well.

SHARED VALUES AND GOALS

Qur expert panel ranked this as the most important factor and its value is affirmed by most
researchers. Shared vision emerges from a collaboratively defined understanding of what
constitutes worthwhile student learning, with all members of the PLC working together on
problems around that common vision.

The Knowledge Synthesis suggests

The team should clearly identify a STEM learning ' . .
the design and implementation of

challenge around which the learning team can

come together. As a foundation, learning teams effective STEM learning teams
should have a strong and steady focus on the must address key features: shared
ultimate goal of improving student learning. goals and values, leadership

Teams should develop a shared vision and belief

support, issues of time and pacin
that all teachers and students can learn. pp f P &

focus on student data and work
products, collective responsibility
for student achievement, good
facilitation, and building trust.

LEADERSHIP SUPPORT

Teams need the support of principals and

administrators. School leaders who give team

members dedicated space and time to meet empower them to make decisions based on
student needs. The leadership should foster a climate of trust while also providing
appropriate catalysts to assure that teams meet and work together effectively.

TIME

Teachers need a common time to meet on a regular and sustained basis. It can take more
than just a few weeks or even months to move a team that is unfamiliar with collaboration
to open up in detail about deeper, substantive aspects of STEM teaching. Continuity is also

14



important, since it takes time for the trust to be built and more time to build a common
language, norms, and protocols that work for the particular PLC. Often, it is challenging to
implement such scenarios in the prevailing U.S. school structure and policy culture, which
places a heavy emphasis on individual teacher performance over teamwork. Additionally,
the pressure for rapid outcomes too often trumps the time and trust necessary to develop
effective learning teams.

USE OF STUDENT DATA AND WORK

Our panel of experts felt strongly that learning teams need to examine student data and
work examples as a key focus and strategy of the team's work. As they do this work, it is
important for them to adopt and use common rubrics and protocols to guide their
examination of student work. The design and use of protocels, however, must be carefully
considered and monitored lest the regulations become the ends instead of the means.

Learning team focus on student learning, and team members need to be comfortable
working with a variety of authentic measures for gauging what students know and can do.
Student work and assessment data are only pieces of the analysis. Another important way
for teachers to understand what is working and why is through observing each others’
teaching of specific lessons followed by reflective feedback.

[COLLECTIVE RESPONSIBILITY

Team members should have shared and appropriately differentiated respensibilities. The
orchestration of team member responsibilities should be based on content knowledge,
pedagogical skill, and teaching experience. There should be mutual accountability for
student achievement among all members of the learning team.

GOOD FACILITATION

Too often, there is a lack of recognition that facilitators have multiple roles, The research
suggests that there are three important roles that facilitators need to fulfill: (1) facilitating
knowledge, including helping to find relevant STEM or STEM education expertise if/as
needed; (2) processing facilitation to attend to the structure and interaction of the groups;
and (3) focusing facilitation to keep the group on target.® Facilitation—whether face-to-
face, online, or a combination of the two—requires engagement, tact, careful “listening” to
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what is said and what is not said, as well as content and pedagogical knowledge. And it is
important to remember that helping other adults (teachers) to learnis a different expertise
than helping children to learn; that is, an expert teacher does not necessarily make an
expert facilitator of a learning team.

TRUST

All of the above principles should work together to foster a sense of trust within the
learning team, leading to members’ being comfortable in reflecting on their own and
others’ work in an open and constructive environment. Members need to know that their
school administrators support them in this honest reflection and that their team members
are all working together to help each other improve student learning.

A SINGLE SCHOOL SUBJECT

This element was not addressed in the Team Up report, but it received considerable
attention in the NSF Knowledge Synthesis. The latter study found that achieving a strong
focus on the specifics of mathematics or science teaching is easiest when learning teams
are comprised of teachers of one particular subject.

Although multi-subject PLCs were not as likely to delve deeply into each subject area, it is
possible for teachers in cross-content teams to engage meaningfully in their subject content
and pedagogy if they take additional time and adopt more complex strategies to support
cross-disciplinary learning. At the elementary level, grade level teams can adopt specific
school subjects as a focus of each learning team initiative. Conversely, they could also
establish a learning team for a particular subject area (e.g., mathematics) that cuts across
several elementary grades. At the middle and high school levels, mathematics and science
departments could transform department meetings, which all-too-often are primarily
administrative, into interdisciplinary learning team meetings. Larger schools may also be
able to continue to support learning teams in more specific subjects, e.g, Life Science or
Algebra.

Such scenarios are well established in some other countries. For example, U.S. researchers
examining STEM teaching in Shanghai noted that every middle school mathematics teacher
was involved in two math learning teams: one comprised of all teachers responsible for the
same math subject and another comprised of mathematics teachers across all math
subjects and grades in the school.1®
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We have a once-in-a-generation opportunity to create an education system that will
develop the innovators, entrepreneurs, and leaders our nation needs to thrive in a global
community. To meet this goal, we need:

1. School staffing policies that promote PLCs and the power of learning teams.

e Providing structured, stable time and space for teacher teamwork is
essential to the success of a PLC. If teacher collaboration is to become the
norm, rather than the exception, the

design structure of the school day and ) .
the deployment of school staff needs We have a once-in-a-generation

to change. opportunity to create an

e Providing embedded professional education system that will

development for PL.C work, using develop the innovators,
outcomes of the PLC work as the basis entrepreneurs, and leaders our

for decisions regarding further staff nation needs to thrive in a
development needs. global community.

¢ C(reating incentives that recognize the
contributions of members of PLCs to signal that the work of PLCs is a
highly valued professional activity.

e Creating new roles for teachers as trained PLC facilitators can provide
leadership opportunities for current teachers, or part-time positions for
effective teachers who might otherwise leave the classroom due to
retirement, childcare responsibilities, or other personal priorities.

2. Policies that engage principals and other school leaders in PLCs so that they
become knowledgeable and effective learning team members themselves, and
therefore effective leaders of PLC initiatives in their schools.

3. Policies that promote and support the use of online professional networking
tools to strengthen and expand PLC work.

e Using social networking and mobile technologies to blend face-to-face and

virtual learning teams in order to extend the time and resources for teachers
to support and learn from one another.”
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4. Deeper research on PLCs to provide a more fine-grained analysis of the
collaborative practices that improve teaching effectiveness and student
learning.

e In-depth research, with tools like those deployed in the Standard of Evidence
reviews, will help practitioners and policymakers build a case for the long-
term impacts of professional learning communities on STEM teaching and
learning.

o At the same time, collecting and analyzing local data (both qualitative and
quantitative} on “naturally occurring PLCs” will help ensure the
implementation of effective models.

CONCLUSION

Improving teaching quality is the single most important investment we can make to
prepare today's students for college and career success. But this need comes as states and
school districts are struggling with dire reductions in funding. In the face of this fiscal
reality, we need innovative ways to organize STEM teachers for better learning outcomes
with a more cost-effective deployment of existing resources. The research we have today
tells us that we can achieve this objective by enabling STEM teachers to team up for more
effective teaching and learning.
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